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mtM3. i % m 

(54) aiwi a* 

& iS8 SgJ- BUS Si U^Oil ^ 5o Si £o>~ l§6fb HI 2 ±»2|- OB BS3i 

m ^2, feOI HI 2 S s ^^£|CH £M HI 2 ±XIW SSSlfe ^40H£l 31^ 2 

&e HISSPI HI 3 r^*J ^}| HI 2 ^§ £^ £>0| HI 3 ±X\9} %\ 

1 ^5NS ±» AhOI CHI £^3CH , &3| HI 1 ^?IS ^Xf^^EI HI 2 ±7} £fe HI 3 

2^°J SB HI 01 6^ HI 4 ±X19\, HI 4 ^?1§ ±7}2\ £ 

■ 2H s^s hi oi 6^ hi oi ^ei 5§moi oi^oixj , i\m b^ai^ ±x[m o^dw 
^mmn, =?m& gj^i sg*o| sxfs ^hm^ioi*!^^ aaafoi en^si 2 

eOl 0l¥CHX|SEi| 6f^ s^M Hl^ilEL 



a a aiBii s§ us 

hi 1 een^i aiii s§ uss UEiyi use. 

HI 2 £fe £ 2 a EllflJ Si USS UEItH *|S£. 

Q11-Qn + i : M0S S2iXI:^EHINV11~INV22 : 2J bH EH 

D : : 9HMAIEI 

100 : M200 : DfO|3S H S Ail AH 

300 : BWxlT1~T n : M^^OI^ TilOl^ 

[»S2| &H\ti flB] 

s a a eii^ si si ^ 011 mm ^ai ji^ 2^1 ^ h ^Ai3i^ d4oh ? 

dism, ^oi^ ±¥i§ ^xh°] sai 5im 2^8 ^hm?iioi^o^ a^ehoj mmm 2^ eii^si s§ 

01 0|=CHX|£^ 6>i= aiffi Si US 011 Bff 01 CI- . 

i ,H J5!2§ am si j\m 2^1 i§§[ aauf ji^ 2^1 aims^^ 01 

^oiacf. 

oi2f ag gens] 3°j am si m^m hi 1 em ssstoi ^gahs an mo. 

HI 1 SE^r gSHHJ SB aitt! Si USS UEftii US£0ia. 

HI 1 SE0II UEfy d^2f ^01 PM0S ^^XI^E-i(Q11)^F ±^ EIHb 2HS^(VCC) BXK)il £^£JI2, ^ilOl 

m eiib 2 xi 22MVSS) exK)ii 21301, naiei bxk>!i^ ^ :hs] nmos m^xi^eh(012)(013) ^f ^ 
^s ^isa. 

NMOS ^^XI^Ei(Q12)H| 71I0IM BXF2f H^|oj BHb B^SIOI PM0S M ^iXI^EJ (01 1 )2| EBiiei Ef XKMI 



[*S2I 9S] 
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NMOS M2jXI^EH(G13)2] ±± B»te S XI aS(VSS) & CHI g^EICH, 3HI0IM BXfSf Eai2i BXfb B 
^£101 NMOS ^&X\±E\(Q]2)9\ ±± &X\0\\ 

PMOS M2]XI^EH(Q11)2| Heil9i & CHI UEfU^ 6JS^ 2J tH £H ( I NV1 1) Oil S^£|£^ S3S:i2, 
£!fcHE1(INV11)2| tH EH ( I NV12) CHI SISCf. 

eitHEi(iNvi2)2j as am s§ 3^21 a^ so. 

eiwadNviDa 2jtHEH(iNvi2) ai-oi chi^ doise(d)£j 3h±e a^oi e^aa, aoi2H(D)2i oh^h 
a^B sxi as(vss) e xf chi ^i^a. 

0121 voi as am sssi §^ cfga «a. 

pmos m£hxi^eugii)2j ±± e+x>chi asaeKvcooi ej^scn pmos = &x\±ea(qm)h @ g so. 

PMOS XI ^Ej (011)31- g 2 go] icH(N11)0il a8!aS(VCC)0| ei^EIS NMOS M2!X| r^EH (Q12)^ 
NMOS ^£HXIAEH(G13):n & 8 HOI, OlffH © B& PMOS M^XI^EI (01 1 )■ g8H itH(N11)0ll U 

BUb S»2| a?lte NMOS MgHXI^EI(Q12)(Q13)S & SAIS ^ 81 1 SSOICf. 

0| CEH NMOS MedX|^EKQ12)(Q13)^ XHS 2tS CfO|£H2j 3 ITS SDJ, 0|2f »S 

NMOS M£HX|^EH(Q12)(Q13)2| XHSS^ PMOS M S« XI >iE) (01 1 )2| XHSSta- blJ28K)l #CH2(o S QH ^ » 

a. 

0J£LM & NMOS MgHXI^E|(Q12)(Q13)§ H oH ^ a|gj2| SXI aS(VSS)OI ^H(N11)0il 

a. 

icE(Ni dm aaaeKvcoe ojwekinvidoh gj^sa. 

bH EH ( INV1 1 )CHI S^!£]i= @ NMOS ^ XI (012) (Q13)S §6H aiTS S*? aifflSI 2X1 

as(vss)oi°s, e!wa(iNvn)£j t^^jib ahoi amoi so. 

oihHEH(INV11)CHIAH ahOI aiU°l ejbHEH(INV12)M §6H CJAI ehaaOl »§*B(OUT)0|| 

fc ^¥ Bil^Hj §»SO. 

HHHS #^EK0UT)0ll #^£|i=: ^ 31 ^2J asi= PMOS M^XI^Ej (Q11 > CHI 2J^£Jur aS2] aifllOl 

J\m aS21 NMOS M^XI^EH(Q12)(Q13)2H S^MO MB 31 UEftHCf. 

ejs* pmos m^xi^euqidoii ei^afc aaa&tvcosi ainoi nmos ^xi^eh(qi2)(gi3)2j S3i as 

Oil Dl XI XI ^ahOI NMOS M§«XI^EI(Q12)(Q13)^h i! #EH£ 2AOE icH(N1 1 )0llfe §1 BS PMOS M 

gHxi^EKQiDM esH mo\ am2j aaas(vcooi t^sci. 

tE(Ni doii ei-oi am si ase eiwaONvinoii sish hss o§ eitHEH(iNvi2)cHi °\m qm 
aaaoi e^y(ouT)oii^ ami amsi asm t^sa. 

oihh #^B(ouT)oii UEj-y ©hoi am si a^{= g^a^ aaa&(vcc)oi j\s asei nmos 

MgHX|^EH(Q12)(Q13)2j S3I aSSP- b£S UEftHQ. 

e!WH(INV11)a eJWH(INV12) A^OIOil CfOISH(D)^ eitHEl ( INV1D01IAH ^12] Si 

oi2i itb geH2j as am si sj^^ s#^ v ^ assj amoi qoi^h nmos 

^^IXI^EHSJ o.^j ^ohQn 5 §£JH5 &^2J as ai^2J Si^OI Pf^SHJI, ^£^1 XHI3& S3^2| ^ 

xii^ 2ia^ ase ^^Ai^i^ nmos ^^xi^asj ^xii gj3i as3i chi ah s^ias 
ai- oi chi 2x^f ^as oi xi ji- B^m oi chi dfe 2°j ai^2j ^ m o\\z\i\ m&m ^f^^OI OH 

¥ e 3ioia. 

ifauH ^ ^se ^i^ ase ^^ai^i^ ^xfs c^^h ^uism, ^ptiis ^#21 s^ii 

aS2| SxhM riiHe?jj(>]^o^ ^Ahem mmm ^ov gi^oj s ^ 0 | 0| = CHX|£H| 3[t: ^^01 2*1 D . 
0|2f Its ^^2j B ^8 Jl^ aSS li6[b XII 2 ^XF2| Cf^ XH&^S 5>^, M 2 

^?is ^xh2f ^^£Jch ^>oi xji 2 ±xim 5^6fb ^^^hhj ^i^ ass UlSa^l ^ 

XII 3 ^XF2|, 4,^1 XHI 2 ^?IS ^XF SE^ ^Ol XII 3 >-9IS ^XF2[ ^Ol XII 1 ±Xl AhOI 

Oil 2^301, £J\ XII 1 ^XfSVEl ^^| XII 2 ±X\ XII 3 ^XFOil 

aS2J a& S^M ^^IS XHI CH Bhfe Xll 4 ^XF2f T ^Ol Xll 4 ^¥1^ ^XF2J B • 2^ XII 

cHaffe xhi ch ^es s^bfoi oi^cnacf. 

01 2f ^01 Ol^Oia ^ ^S2| 1J£JA|0IIM Xll 2 £M S^8h01 ggShS DMHf SQ. 

xii 2 £^ s ^S2i as am st sj^a uat« u^soid. 

XHI 2 SECHI Uat« dh2f ^01 PMOS MedX|^EH(Q21)2J ±± &X^ aa a S(VCC)&XhOil nai 
2J Ef XKMIfe Q40H2I M^i^Dia >il OI ^ (T1-Tn)^l 

M^^DI Aj >j|0|^(T1)CHI^ NMOS ^^j XI^EH (Q22)2| Hai2J EhXh2f >II0IM BX^h B^^ICH ^^SJCN. 
NMOS e XI ^ EH (023)21 71I0IM BXF2J Hai2J BXPl B^SJOI NMOS M gH x\ ±E\ (Q22)2J 4:^ &XK)il £ 
NMOS ^^iXI^EH(Q23)2J BXffe S XI SO. 

□ § ^l^2J ^^H^D|<M >j|OI^(T1-Tn)0il£ 012} ^B NMOS ^ ^ XI ^ EH m^Jl ^^j^OI^ >i!0IM(T1)2f 
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0|(Di 2|2*o| egH^OIfi ^H0im(T1-Tn)0ll 21£Jb NMOS sl^XI^Ei §J§§ ^£6^ NMOS M^XI^EH 
XIB &0| 2*2* cfs^| 0I^DiX4 210] 2*2*21 NMOS §1^XI:^EH2] 8JM 22* EEgh 2*2* Qap. 

M( 100)011 XH§@ HsIIliBOl 4*SS01 «*«8fe Ql 01 EH DhOIBsI Ail AH (200) Oil 2i^£J£H| 
H, OhOIBsl H si All AH (200)011 AH 2*2*21 HI 01 £im.ti 2*2*2| e!£H^0|£ }|0| =I(TWn)2] HIOJ 

B»0|| £^£JOi EH XI (300) Oil m^Q^m 2^312, BH»(300)fe O^OIBsI HslAHl AH (200)sl^EH ^ 

^9 XII CH BJe*g*Of XHSt* DM XII Oi <^^S 2*2*2| e^oi^ ^|OIM(T1-Tn)0il 2BS>0* M&j 

^0I£ 3i|0|M(T1-Tn)2| B- S n §5[| X1|CH6^^ 21gC[. 

PMOS M^XI^EH(Q21)2j Hai2i 2*2*2| e^ D |^ 3H| 0| M(TWn)3H 2^£|Oj 0|^PCH2 

^E(N21)^ QJtHEU INV2DSJ gJ^E+3f £^£]01, 21 tH EH ( I NV21 )2| 2J bH EH ( INV22)0il 2J^£1 

£^ 2^£JH, 2itHEH(INV22)2] m^B S ^S°J 22* aiU Si 3Js!2] HQ. 

2itHEi(INV21)2] »SjBj»- SXI AJOIOIIte 3HBH A| Ei (Cpl- £^£JOi 2*Q. 

PMOS ^ 2! XI^EI (021)011 fil^St 2§!22*(VCC)2| aifflOl £*^6h0] PMOS M^X[^Ei(G21)M @ BA|3| 
H. i3zH(N21)0il ^§ aiSJSI 22*01 oi^sjoi, inH(N21)0il UEIUfe 2 2*B 2|2|oj egH^ 0 |£ 
^|0|M(T1-Tn)CHI 

OlffH DhOIBsI ° si Ail AH (200) Oil AH ^ Sg^HXh 5>fe 22* aiUOII CU-ah e=2!^0|£ J|0| e (T1~TnP*SBI 

ami §i an. @ 8^ Ma^ma jioims mm nmos si^xi^eh sisioii ^h(N21)2| 22* 

oi sb&ck 

oa/H e b@ nmos m^xi^eh sjsi« mm si^ am 21 an 22*(vss)oi ^^(N2i)oii usual a 

M. inH(N21)2| am ag*OI 2iWQ(INV21)0il 3Bjg!U. 

o]mEH(iNV2i)oii 2J^£i ^¥ am 21 a as moi amsi &a #^sch eitH& ( inv22)oii 2J^3h, ei 

bH EH ( INV22)0il 2J^9 sl^ aiHsl ^2 #^£!U. 

01 Dm £jtHEH(INV22)CHIAH e^S « g*S2| 22* am 2# 2Jsl2J e^^^(OUT)^ 01-01 3 si 
51 All AH (200)011 HIH^i E|£^ 2^30] 2131 ttH^Oil OhOIBsI H si All AH (200) Oil AH EIH^S ^ £J 
m(0UT)S 2J^^ g> 0 |. f*XH M^ISrr 2^(0UT)2| Bll^i S§§ Df§ M( 100) Oil AH H 

sib^m ean ^§21 aid aiii aa^Ba. 

OI EH e=£H^D|£ TilOIMOil ^^£|CH NMOS M^iXI^Ei S|sl2| ^ NMOS §=&!XI^EH^F *}^xi\ HI 5 g 

S6*2| gXHIsl ojmOj 2*2*2| M^iXI^EH2J gj 3|| 22* S*0| xhOI^F Sl^l IHSOil 2*2*2| NMOS ee^XI^EH 
Oil AH i^ofe 22* i*6^2| B^PF ^HAI ^ x| 6hX| S*^| 9D. 

DBfAl M(100)0IIAH 4-^£l^ ^sIB^^ &*«S bF2l NMOS §1^XI^EH2| g|3fl SQ S^g a^*8h 

^i ^ saoia. 

£ £j PMOS §=^IXI^:Ei(Q21)S goH ^H(N21)0il 22*2j amOl O^OIBsl Ms! 

Ai|AH(200)2] XHI CH <i!mOil 2J3H © 89 M^i^OI^ Til 0 1 §1 Oil NMOS eI^XI^EI sJslM 0 8AI1J 

^ ai^2] 22*2i S^Oil^ in = (N21)«l 2^9 ShOI aiHI2| 2£!22*(VCC)0| B! tH EH ( INV21 ) CHI 2J 

2imEi(INV21)0il 2J^& ami am2| 2 2*B sl^ am si aaaOl 2ihHEH(INV22)0il 2J^£JOj t 
tH EH ( INV22)CHI 2J^S sl^ aiOI2| 22*^ moi amsl ^2£JOi m^&o. 

0|2f eitHEi(INV21)2* ^^BDJ- 3 XI AhOI Oil 3H HH A| EH (C)fe E! tH EH ( INV21 )2| 2s0il 

s§*9 mmm x-ii^api z\m ^oia. 

df^AH ^ ^gg Tl^ 22*§ g-^A|9lfe ±X\m O^JW =?U\B[H, ^¥iS ^X^2| gj^ll 

22*2] ^H§l?l|01^osl M^*moi §tel 22* am2j SMOI 0|^OjX|£^ m^^^ 



(57) &?£l g& 

m=?m 1 

^§2j XHg* XHI 1 ^Xf2|, xHl 1 ^§ ^Xh2f BliHshOl ^Qi^o^ OH ^ 

XHI* S*S XII 2 ^?iS ^XPF 2§! 22* &XF2I S XI 22* BX> AFOIOil 2^£JOi Xi\ 1 

^?iS 4iX^M moW S^£J^ 22*0! ^>0| XII 2 4rXh2j @ ^ gJ3l 22* 0|^*2J S^Oil^ ^»0| 

XHI 2 ^§ ^X^h id B£|Oi SXI 22*2j e^0| 0| = OiX|£^ B\H , XHI 1 ±X[M mm 

^^£1^ 22*01 £*J| XII 2 4iX^2| e S S^ll 22* 0I6F2J S^Oil^ XII 1 ^X*2> @ B 

3 OH 2^1 22*2J S^OI OI¥CHXI£^ t*^^MH ^>0| XHI 2 4:Xf2| §1 B &'^l 22*M ^1^ 22* 

6F01 ^,01 XII 1 ^XhS eSH 2^ h £J^ 22*2| Silii SeB^£^ 0l¥Oi2 2 2* ai^ r g§ 

UslOil ^CHAH, 

XII 2 ^Xf2f DIE XHi* &m ^H, XII 2 ^X^2I SI ^^£10] ^*^l XHI 2 

s ^x^s s§*6hfe ^^^H2j ti^ 22*e xiigapi 9\m m 3 ^x^2i; 

XHI 2 ^XF SE^ ^*P| XII 3 ^X12I ^^1 XII 1 ±X\ Ah 0 1 CHI 2^£]Oi, ^Ol XHI 

1 ^XFslVEH ^Ol XII 2 ±X\ cc^ XHI 3 ^?iS ^ XI Oil g^£]fe 22*2] 2^ SslM ± 
?IS XilCH6f^ XHI 4 ^?iS ^XF2f; 

^Tl XII 4 ^Xh2] B • 2^ XllOio^ XHI OH 5f6fb 5101 ^g2i 2 2* ai^ S# 
SIS. 
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£!?S 2 

XII 1 IfOII 21 CM AH. 

M 2 ^?I§J 4; life DIIOIS 9XI2J- Eai2J 9X|:>I S^aOl &^| XII 4 ±%M ±X\Q\\ SI SI 2, 4; 

^ BXPI §11 BXI01I 9SEICM OI^CHS! NMOS SgHXI^EH&l 2101 sgoj ^oj. a |w. g § 

a?» 3 

XII 1 SOU 21CMAH. 

S3M XII 3 ±?IS ±XPI *<CMSE 5IU 0I& ^blSfe 33 01 ^321 Sgf SIISI Si SIS. 
S^PS 4 

XII 1 3J0II 2J0UH, 

XII 4 ^Xlfe SSS^OItf 3H0IM2J 33 0| mS21 Sif Ell mi Si SIS. 

s^s 5 

XII 1 SOII 2L0IAH, S}| XIIOI 

hsdoisoi 3i^gf oiiea ±xi2i; 

4PI 0H2EI 4iXK)|| X|§S HSZliiOII did! ±§°| XIIOI >JS» g§*Slfe OIOIHS 5SX||AH2f: 

4^1 OIOIHS HSXIIAHOIIAH §§*S|fe &OI XIIOI iJ^B XHSSIjI, Xl§@ S3| XIIOI ilSI feO| HI 4 
^?l§ 4iX|2| S- 25 XIIOI <!JSSAH #^S|E= oi^CMXIte US 4=98 SSSIfe 3301 sgoi go.. 

am gt sis. 

S^S 6 

XII 5 SOII 21 CM AH, 

•fePi oiieai ±xhm mshshchs sei 3301 as am as sis. 
a^s 7 

XII 5 SOU 21 01 AH, 

&3>l XI § 4=901 2Hxl°! 3301 ^S2J Sgf Sim Si SIS. 
S?S 8 

XII 5 SOU 2ACHAH . 

asi aiau 2f sissi asm s^i oioias hsaiiahoii ni = aias=* oi^oja, 401 eih^s 

&S2I- &3| 0II2£I 4:XI°I 5S312 4=1! 3>I^°S 5101 ^§°l XII CM i!SI I^A|3|£ = 

oi^oixife 3301 s S oj gi as. 



5-4 



iiJH^ol^l 998-048996 



vss 



vcc 



I 

-c|[011 



INV11 



L|LQ12 




013 



VSS 



INV12 



5d 



V 

vss 



-[ >qut 



£B2 



-d5 



vcc 

£--^[021 



N21 



«T3 



300 



^To?? Po.iztjrry^ 



■*023 Urto up oa :i 



vss vss vss 



INV21 LNV?? 




5-5 



